UV-curing material was only 0.2%. It is believed that such a composite will find its wide applications in a microwave absorbing area.
Introduction
With the rapid development of electronic instruments and telecommunication technologies, the phenomena of electromagnetic interference and electromagnetic compatibility have become more and more serious problems. The accompanying electromagnetic pollution can not only interrupt the operation of electronic devices but is also harmful to human health. Therefore microwave absorption materials play important roles in civilian and military applications. [1] [2] [3] Microwave absorption materials with a strong absorption value, wide absorption frequency, thin matching thickness and lightweight characteristics are urgently required. Much effort has been focused on the fabrication of microwave absorption materials, such as ferrites, magnetic metals, dielectrics and so on. 4, 5 Among the magnetic components, Fe 3 O 4 nanostructures have attracted extensive interest as microwave absorbers because of their unique properties, such as moderate saturation magnetization value, high Curie temperature. However, the large density and high matching thickness of these materials greatly restrict their technical applications. [6] [7] [8] [9] [10] The exploration of highly efficient and lightweight microwave absorption materials with thin thickness is still a big challenge. Compared with traditional ferrite materials, carbon materials have advantages of high dielectric loss and low density.
11-14
Carbon microwave absorption materials mainly include carbon nanocapsules, carbon nanotubes, carbon bers, carbon foam and graphene.
15
Compared with other carbon materials, graphene has more prominent intrinsic physical and chemical properties, including superior electronic, thermal and mechanical properties as well as its chemical stability. [15] [16] [17] Graphene oxide (GO) and reduced graphene oxide (RGO), as important derivatives of graphene, have realized production in large scale, owing to the production scalability and convenient process. GO and RGO have numerous oxygen-containing groups (epoxides, alcohols, and carboxylic acid groups) or defects on the surface while maintaining the same 2D planar structure like pristine graphene. 18, 19 These functional groups make GO and RGO ideal candidates to act as nanoscale building blocks for incorporation into novel functional hybrids. However, the reection loss of GO and RGO is poor, which is unsuitable for practical applications.
20-22
In particular, taking advantage of the combined benets of magnetic nanocrystals and reduced graphene oxide, magnetic nanocrystals/reduced graphene hybrids show great potential as novel light-weight electromagnetic absorption materials. The synergistic interaction effect between the magnetic nanocrystals and graphene may result in better absorption characteristics. [23] [24] [25] The thermal energy converted by the absorbed electromagnetic wave can spread rapidly due to the remarkable thermal conductivity of graphene nanosheets. Previous reports demonstrate that combination of GO with Fe 3 O 4 nanoparticles would enhance its microwave absorbing properties.
2-4,26-29 Graphene-supported composites usually have a problem of poor dispersion, which greatly hinders the further design of porous structures. [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] The magnetic nanocrystals/ reduced graphene hybrids employed in the above studies were usually hydrophilic or easily oxidized, which restricts their potential applications in some specic environments like humid climates.
43-47
The synthesis of RGO/SiO 2 /Fe 3 O 4 composite is a newly-developed method, which is more facile to design microstructure materials without sacricing the contact between graphene and the other materials. The core-shell structural of Fe 3 O 4 /SiO 2 nanocomposite can improve the dispersion and stability of Fe 3 O 4 .
Due to its ability to produce microstructure patterns on large area substrates with high throughput, UV curing technique is a promising technology for microwave absorption materials.
48-50
However, for it to become a technology for the mass production of microwave absorption materials, we must rst prepare UVcuring material.
Herein, we report the preparation of RGO/SiO 2 /Fe 3 O 4 UVcuring material with improved microwave absorbing capability. Firstly the core-shell structural Fe 3 O 4 /SiO 2 nanocomposite particles were prepared to improve the dispersion and stability of Fe 3 O 4 . Moreover we synthesized the RGO/SiO 2 / Fe 3 O 4 composite which is blended with UV cured resin to prepare RGO/SiO 2 /Fe 3 O 4 UV-curing material. The morphology and structure of as-prepared composite were investigated. The cured composite exhibits excellent microwave absorption performances.
Experimental

Synthesis of Fe 3 O 4 /SiO 2 composite nano-particles
FeCl 3 $6H 2 O (2.7 g) was dissolved in ethylene glycol (80 mL) to form a clear solution, followed by the addition of NaAc (7.2 g) and polyethylene glycol (2.0 g). The mixture was stirred vigorously for 30 min and then sealed in a Teon-lined stainless-steel autoclave (100 mL capacity). The autoclave was heated to and maintained at 200 C for 8 h, and allowed to cool to room temperature. The black products were washed several times with alcohol and water, then dried at 60 C for 12 h. 
Characterization
The morphology and of the composite was examined by transmission electron microscopy (TEM; G2 F20, FEI-Tecnai, 200 kV, Hillsboro, USA). X-ray diffraction (XRD), system at 40 kV and 100 mA of Cu Ka (Ultima IV, Rigaku, Japan). Raman spectra were obtained on a Renishaw Ramascope (confocal spectrometer with 633 nm laser, inVia, Renishaw, Gloucester-shire, U.K.), electromagnetic parameters were measured by a vector network analyzer (VNA, N5234A PAN-L, Agilent, USA) in the range of 2-18 GHz, in which the RGO/SiO 2 /Fe 3 O 4 UV-curing material, were cured to be toroidal samples (outer diameter: 7 mm, inner diameter: 3.04 mm, and thickness: 3 mm). (Fig. 1a) (Fig. 4d and e According to the transmit-line theory, the reection loss (R) can be calculated by the following equations:
Results and discussion
when Z in is the input impedance of the absorber, Z 0 is the impedance of air, m g and 3 g are respectively the relative complex permeability and permittivity, f is the frequency of microwaves, d is the thickness of the absorber, and c is the velocity of electromagnetic waves in free space.
59
The theoretical RC calculated for samples with different thickness.
As shown in Fig. 6a , the maximum reection loss of GO is only À14.3 at 7.7 GHz for a layer of 5 mm thickness; the maximum reection loss of Fe 3 O 4 ( Fig. 6b) is À35.3 at 9.6 GHz for a layer of 5 mm thickness; the maximum reection loss of Fe 3 O 4 /SiO 2 ( Fig. 6c) 
